Imaging studies of the hands and fingers are common, and radiologists are generally comfortable with traumatic and degenerative conditions which arise frequently in daily practice. However, a variety of common and uncommon soft-tissue tumors also occur in the hand, the appropriate diagnosis of which can be a source of confusion for both clinicians and radiologists. These lesions often have overlapping imaging characteristics; however, a structured approach can help provide a focused differential diagnosis and impact further workup and management. We discuss several such tumors, categorizing them as cystic-appearing, noncystic masses along tendons and aponeuroses, adipocytic tumors, vascular lesions, and miscellaneous lesions with imaging features that can aid diagnosis.
Introduction
Imaging studies of the hands and fingers are common, and radiologists are generally comfortable with traumatic and degenerative conditions which arise frequently in daily practice. However, a variety of common and uncommon softtissue tumors also occur in the hand, the appropriate diagnosis of which can be a source of confusion for both clinicians and radiologists. These lesions often have overlapping imaging characteristics; however, a structured approach can help provide a focused differential diagnosis and impact further workup and management. We discuss several such tumors, categorizing them as cystic-appearing, noncystic masses along tendons and aponeuroses, adipocytic tumors, vascular lesions, and miscellaneous lesions with imaging features that can aid diagnosis.
Diagnostic Methods
The American College of Radiology's Appropriateness Criteria recommend radiography as an initial imaging study for a soft-tissue mass. 1 Although radiographs may be unrewarding, they are relatively inexpensive, widely available, and can detect features such as calcification, bone involvement, fat, or foreign matter that can be useful for diagnosis or for directing subsequent workup. Furthermore, radiographs can exclude a skeletal abnormality manifesting clinically as a soft-tissue mass. Ultrasonography (US) is also appropriate for superficial lesions such as those that often occur in the fingers and hand. Ultrasonography can diagnose a ganglion (a common hand tumor) in the appropriate clinical setting, distinguish cystic from solid lesions, and identify tenosynovitis, vascularity of lesions, and foreign bodies. Ultrasonography, however, requires a trained operator, and tissue characterization of other masses is often limited. If additional imaging beyond radiographs and US is required, magnetic resonance imaging (MRI) is the technique of choice for characterizing soft-tissue masses. As discussed below, the signal characteristics of certain soft-tissue masses on MRI often provide clues to their histology. Magnetic resonance imaging can be performed with a variety of pulse sequences, but a protocol would typically be composed at least of T1-weighted images and fluid-sensitive T2-weighted images. The conspicuity of a lesion can often be increased with the addition of fat-suppression to fluid-sensitive (eg, T2-weighted) images or by performing short t inversion recovery (STIR) sequences. Gradient recalled echo sequences may be valuable for detecting blood products or mineralization within a tumor. The MRI examination typically includes images in transverse, sagittal, and coronal planes relative to the pertinent anatomy (eg, a coronal plane through the thumb is different than a coronal plane through the remainder of the digits). Coil selection, field of view, and slice thickness should be tailored to the size of the suspected mass and surrounding anatomy.
Cystic-Appearing Masses
Ganglia are the most frequent hand tumor, 2 frequently referred to as ''cysts.'' Ganglia are not true cysts as they lack an epithelial lining, the wall being made up of collagen fibers. 3 Patients often present with an asymptomatic mass that may fluctuate in size. Sonographically, simple ganglia are thin-walled anechoic masses with posterior acoustic enhancement and no internal vascularity ( Figure 1 ). 4, 5 On MRI, ganglia appear as fluid-signal masses (ie, low-signal intensity on T1-weighted sequences, high-signal intensity on T2-weighted and STIR sequences, comparable to that of urine and cerebrospinal fluid) with minimal if any capsular enhancement ( Figure 2 ). 6 They have a rounded or lobular appearance and may be unilocular or multilocular with thin septations, usually lying adjacent to a joint or tendon sheath. ''Complex'' ganglia with high proteinaceous content or hemorrhage may show internal echoes, ''solid''-appearing avascular components attributed to internal debris, and have a thick wall at ultrasound or higher signal intensity on T1-weighted magnetic resonance (MR) images. 5, 6 Although ''synovial cyst'' is often used interchangeably with ganglion, a true synovial cyst represents herniation of synovial tissue through a joint capsule, has a synovial lining, and is histologically distinct from ganglion. 7 Differentiating these 2 entities on imaging may be impossible ( Figure 3 ).
Epidermal inclusion cyst is the third most common hand tumor, behind ganglion and tenosynovial giant cell tumor (TSGCT). 3 It results from trauma when epithelial cells are introduced into underlying subcutaneous tissues, producing a keratinfilled cyst lined with epithelial cells. Echogenicity is variable on ultrasound, and although they typically appear cyst-like on MRI, increased proteinaceous contents can result in increased signal intensity on T1-weighted images ( Figure 4 ). A thin rind of enhancement is seen following contrast administration. 8 Although the vast majority of cystic-appearing soft-tissue masses in the hand are benign, certain malignancies are notorious mimics of cysts on T2-weighted MR images. Synovial sarcoma is one of the most common soft-tissue sarcomas to occur in the hand. 9 In addition to consisting of cystic components, synovial sarcoma may appear homogeneous when presenting as a small tumor, thereby mimicking a benign cyst. 10 Contrast-enhanced MR images, however, typically show prominent heterogeneous enhancement ( Figure 5 ). Myxoid malignancies can also mimic cysts on T2-weighted MR images depending on the myxoid component but show variable patterns of enhancement following contrast administration that can help distinguish them from cysts and ganglia. 11
Noncystic Masses Along Tendons and Aponeuroses
Tenosynovial giant cell tumor, also known as giant cell tumor of tendon sheath and pigmented villonodular tenosynovitis, is the second most common tumor in the hand. 3 Tenosynovial giant cell tumor is a benign neoplasm composed of mononuclear and osteoclast-like giant cells, with hemosiderin deposits typically identified. 12 It can occur at any age, but usually between 30 and 50 years; it occurs more commonly in the radial 3 digits on the volar surface. 3, 13 The most common symptom is painless swelling. Radiographs may demonstrate a mass with occasional erosion of the bone. 14 Magnetic resonance imaging is the optimal modality for assessment. 15 The presence of hemosiderin characteristically results in focal, capsular, or diffuse low-signal intensity within the lesion on both T1-and T2-weighted images, providing a clue for diagnosis ( Figure 6 ), with enhancement on contrastenhanced sequences. 15, 16 Blooming artifact may occur on gradient echo sequences. On sonography, TSGCT appears as a hypoechoic mass with internal vascularity along the tendon sheath that does not move with the underlying tendon ( Figure 6 ). 17 Fibroma of tendon sheath is a benign neoplasm that shares many features with TSGCT, although is less common. It typically occurs in patients 20 to 50 years of age as a painless mass, with the flexor surfaces of the thumb, index, and middle fingers most frequently involved. 12 Its appearance is similar to TSGCT on both sonography and MRI. 18 Like TSGCT, low-signal intensity on T2-weighted MR images is characteristic, similar to other fibrous lesions ( Figure 7) ; however, increased signal may be present depending on cellularity and myxoid change. 18 Enhancement can vary from none to marked. 18 Fibroma should be considered when encountering a focal nodular mass with decreased signal intensity and little or no enhancement adjacent to a tendon in a young-to-middle-aged patient. Unlike TSGCT, which occurs more frequently in women, fibroma occurs more frequently in men. 19 Palmar fibromatosis is the most common type of fibromatosis, its incidence increasing with age. Men are affected more commonly, and bilateral involvement is seen in up to 50%. Proliferation of fibrous tissue along the palmar aponeurosis initially results in a firm nodule, but ultimately manifests as cord-like bands between multiple nodules with attachments to underlying tendon sheaths, leading to Dupuytren flexion contracture, particularly affecting the fourth and fifth fingers. Like other fibrous lesions with dense collagen, low-signal intensity on T2-weighted MRI is characteristic (Figure 8 ), although intermediate-signal intensity can be seen with more cellular lesions. 20 On sonography, hypoechoic bands adhering to the flexor tendons and deep surface of the dermis are characteristic 4 ; the nodules can be hypoechoic and vascular or hyperechoic and nonvascular, depending on disease stage.
Nodular fasciitis is a relatively common, self-limiting fibrous tumor that typically develops from the surface of fascia and extends into the subcutaneous tissue. 12 It usually grows rapidly, may be tender, and is often mistaken for malignancy. It occurs at any age, but most commonly in young adults. Although up to 50% of cases occur in the upper extremity (classically along the volar forearm), hand involvement is relatively uncommon. 21 The signal intensity on MRI is nonspecific, although the more fibrous variety can show intermediate-low signal intensity on both T1-and T2weighted images. 22 The lesions enhance following gadolinium administration, and surrounding edema is not uncommon (Figure 9 ). A ''tail'' sign reflecting linear extension along the fascia has been described as an important MRI feature. 23 Certain malignancies also have a tendency to develop along tendons and fascia in the hand. Although rare, epithelioid sarcoma is one of the most common soft-tissue malignancies of the hand and wrist in adolescents and young adults. 24 Superficially located tumors can present as solitary or multiple slowly growing nodules, often associated with ulceration, while deeper tumors are usually larger and more infiltrative, involving tendons or fascia. 12 Radiography occasionally demonstrates speckled calcification. 25 The MRI appearance varies from nodular to infiltrative with nonspecific signal characteristics, although extension along fascia and tendons is a diagnostic clue ( Figure 10 ). 25, 26 The tumors enhance following intravenous gadolinium administration; hemorrhagic regions may also be encountered. 26 Of importance, this tumor is commonly accompanied by regional lymphadenopathy. 12, 25, 26 Myxoinflammatory fibroblastic sarcoma (MIFS) is a rare low grade but locally aggressive fibroblastic tumor, with 80% occurring in the hands. 12, 27 It occurs in middle age, with most patients presenting with a slowly growing painless mass that mimics a benign condition such as ganglion or tenosynovitis. On MRI, MIFS typically manifests as a poorly circumscribed mass with a multinodular appearance; extensive involvement of the tendon sheath is a common feature. Although differentiating MIFS from tenosynovitis or ganglion can be difficult, homogeneous enhancement of the tumor following contrast can suggest neoplasm ( Figure 11 ); furthermore, MIFS grows with infiltration, whereas tenosynovitis eventually decreases in size. 27 Despite frequent local recurrence, distant metastasis is rare.
Adipocytic Tumors
Lipoma is the most common tumor in the body. 12, 28, 29 Although once believed to be rare in the upper extremity, lipomas are now considered to be relatively common softtissue tumors of the hand. They usually occur as a solitary mass in the subcutaneous fat, but occasionally occur in deeper layers. Homogeneous fat-signal intensity is demonstrated on MRI, and thin septations representing fibrous septa or muscles fibers may be seen ( Figure 12 ). Although lipomas are classically homogeneous and hyperechoic on sonography, isoechoic and hypoechoic lipomas may also be encountered (Figure 12 ). 30 Lipomatosis of nerve most frequently involves the median nerve and its digital branches. 12 It is characterized by epineurial expansion by fatty and fibrous tissue and is frequently first noted in childhood. It is associated with macrodactyly in onethird of cases. Magnetic resonance imaging is virtually pathognomonic, with longitudinally oriented fatty tissue surrounding prominent nerve fascicles ( Figure 13 ). 31 Other fatty tumors containing nonadipocytic elements may be more challenging to diagnose. Lipoma variants (such as spindle cell lipoma) and liposarcomas are uncommon in the hand, 29 and detailed discussion of these tumors is beyond the scope of this article, other than to say that the presence of macroscopic fat on imaging could provide a clue to their adipocytic nature.
Vascular Lesions
Vascular malformations can be subdivided into low-flow and high-flow entities. Low-flow malformations include venous malformations, which some refer to as ''hemangiomas.'' They are usually discovered in children or young adults, and radiographs may show phleboliths that may be hyperechoic on ultrasound or result in signal void on MRI. 4, 32, 33 Sonography demonstrates a hypoechoic mass with monophasic lowvelocity flow or occasionally no flow. 34 Magnetic resonance imaging is best for evaluation of malformation extent. 35 The lesion consists of lobulated and septated masses that are predominantly isointense to skeletal muscle on T1-weighted images and hyperintense on T2-weighted images (Figure 14) . Intralesional thrombi may account for areas of high signal on T1-weighted images with corresponding low signal on T2weighted images. Adjacent fatty overgrowth or intermixed fat is frequently present and well demonstrated with MRI. The vascular spaces enhance following gadolinium administration. 35, 36 Lymphatic malformations, another low-flow anomaly, are less common in the hand than in the cephalic, thoracic, and axillary regions, appearing cystic on imaging; the mass may be avascular or show enhancement of the wall and septae. Arteriovenous malformations are high-flow lesions that show enlarged vessels with characteristics of high flow on imaging (eg, flow voids on MRI).
Glomus tumors are classified by the World Health Organization as pericytic (perivascular) tumors. 12 Although rare, up to 75% occur in the hand, most often in the subungual space. 37 Most are diagnosed in young adults. They typically present as small (<1 cm) reddish-blue nodules which are painful to both palpation and other stimuli, especially cold exposure. Glomus tumors show no mineralization on radiographs but may cause osseous scalloping. On MRI, they typically show high-signal intensity on T2-weighted images and avid enhancement following intravenous gadolinium administration (Figure 15 ). 38 They are typically hypoechoic on ultrasound with internal Doppler signal and can be painful with direct pressure by the ultrasound probe (Figure 15 ). 39 
Miscellaneous Lesions
Benign peripheral nerve sheath tumors (PNSTs; schwannomas and neurofibromas) are relatively common in the hand 4,40 ; they can appear hypoechoic with variable posterior acoustic enhancement on ultrasound, and hyperintense to fat on T2weighted MR images, thereby mimicking cysts, especially when small and homogeneous. 41, 42 Although the ''tail sign,'' representing the entering and exiting nerve, is characteristic, it may not be visible with small tumors. 4, 41 The ''target sign'' on T2-weighted MR images, with intermediate signal fibrous tissue centrally surrounded by high-signal myxoid tissue, is also suggestive of a neurogenic tumor ( Figure 16 ) but likewise may not be seen with smaller nerves in the hand. 43 The enhancement pattern of PNST is variable but often sufficient to distinguish it from a cyst.
Hand tumors with a propensity for mineralization include fibro-osseous pseudotumor of digits, calcifying aponeurotic fibroma, and soft-tissue chondroma. Fibro-osseous pseudotumor of digits is a localized, self-limiting lesion composed of reactive hypercellular fibrous tissue and bone. 12 Like nodular fasciitis, it grows rapidly and is mistaken for malignancy. It usually occurs in young adults, with a trauma history reported in 75%. It most frequently occurs along the proximal phalanges, and most often involves the index finger. 12 Radiographs show a soft-tissue mass with calcification and/or periosteal thickening in 50%. 44 The lesion can appear aggressive on MRI, with variable signal and local edema and enhancement, including the bone (Figure 17 ). 45 Recurrence after surgery is rare, and prognosis is excellent. Calcifying aponeurotic fibroma is a rare tumor that most commonly involves the volar tendons, aponeuroses, and deep fascia of the hand. 12 Although usually seen in childhood and adolescence, it occurs over a wide age range. 46 Like other fibrous tumors with highly collagenized tissue, low-signal intensity on T2-weighted MR images can be encountered. Radiographs may show calcifications within the mass, providing a clue to diagnosis; however, such calcification is not consistent (Figure 18 ). Soft-tissue chondroma is a rare benign neoplasm composed of cells that secrete cartilage matrix and therefore may also show calcification on radiographs. 12 Two-thirds of cases occur in the fingers. Although most patients are middleaged, the tumor arises over a broad age range. Most are solitary and present as a painless mass.
Malignant soft-tissue tumors of the hand are uncommon. 24, 47 Although features that suggest malignancy include rapid growth, large size, poorly defined margins, and heterogeneity of signal and enhancement, certain benign ''pseudosarcomas,'' as described above, can have similar features. Furthermore, malignant tumors may appear homogeneous and nonaggressive when small, mimicking benign lesions, especially if vascularity cannot be assessed. Ultimately, percutaneous, open, or excisional biopsy may be required. However, knowledge of relatively common malignancies of the hand based on patient age can be useful when constructing a differential diagnosis that includes sarcoma. Fibrosarcoma and rhabdomyosarcoma are the most common malignant soft-tissue tumors of the hand in the pediatric population. 24, 47 Their imaging characteristics are nonspecific. The most common malignant soft-tissue tumors of the hand in young adults are epithelioid sarcoma and synovial sarcoma, both described earlier. Undifferentiated pleomorphic sarcoma (formerly malignant fibrous histiocytoma) is the most common in older adults, also with nonspecific imaging features. Malignant PNST rarely affects the hand.
Finally, several non-neoplastic lesions arising in the hand can form masses and thereby mimic neoplasms. Detailed discussion of these non-neoplastic entities is beyond the scope of this article, and multiple review and scientific articles are available on the subject 4,48-53 ; however, a brief overview is provided. Trauma can result in a hematoma that can have a variable appearance on MRI depending on its age. Increased signal intensity on T1-weighted MR images suggests a subacute hematoma, whereas low-signal intensity along the periphery of the hematoma on T2-weighted images can be caused by hemosiderin deposition. 48 Foreign bodies can also be introduced into the soft tissues during trauma and can be diagnosed with radiography, US, or MRI, depending on the nature of the material. Ultrasonography typically shows the object as an echogenic focus, often surrounded by a hypoechoic ''granuloma'' mass. 4, 49 Infection in the fingers and hand is often the result of preceding penetrating trauma. On US, abscesses are typically of low or mixed echogenicity with a thick hyperemic wall. 4, 50 Ultrasonography can show the extent of involvement of the abscess and any associated tenosynovitis, which typically affects the flexor tendons with potential for infection to spread to the carpal tunnel. Tenosynovitis can be identified by fluid in the tendon sheath, with thickening of the sheath in chronic conditions 51 ; tenosynovitis with accompanying nodularity often implies infection or an underlying inflammatory disorder (eg, rheumatoid arthritis). Gadolinium-enhanced MRI and Doppler US can help distinguish vascular pannus from fluid. Rheumatoid arthritis can present as local masses due to synovial hypertrophy or rheumatoid nodules. 4, 51 Rheumatoid nodules have a variable appearance on imaging but can be suggested when encountered in the subcutaneous tissues of the dorsum of the hand in the appropriate clinical setting. 4, 52 Crystal deposition diseases, such as gout, can also present as juxta-articular masses; clinical and radiographic patterns (often with calcification) are usually diagnostic. 53 Anomalous muscles can appear masslike on clinical examination 4 ; knowledge of their existence and anatomy, coupled with echotexture and signal intensity identical to muscle on US and MRI, respectively, allow for confident diagnosis.
Summary
Soft-tissue tumors of the hand and fingers are common, and correlation of clinical, imaging, and occasionally histologic findings is necessary for proper evaluation. Most soft-tissue tumors arising in the hand and fingers are benign. Familiarity with the imaging appearances of such masses, particularly of common lesions such as ganglion and TSGCT, can assist with accurate diagnosis. Table 1 provides a summary of the pertinent features of the masses discussed in this article. Radiographs, ultrasound, and MRI play complimentary roles in determining the type and extent of the lesion and ultimately assist management of the patient.
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